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(54) THIN FILM FORMING DEVICE 

(57)Abstract: 

PURPOSE: To efficiently form a high-quality thin film by 
ECR sputtering by generating a magnetic field in the 
vertical direction, in the reverse direction and in the 
same direction to a plasma drawing divergent magnetic 
field on both ends and surface of a cylindrical target 
electrode, respectively. 

CONSTITUTION: A microwave is introduced into the y ^ r ~ 
magnetic filed of an electromagnet, and the introduced — 
gas is converted to plasma by electron cyclotron 
resonance(ECR). The plasma is drawn into a film forming r 
device by a divergent magnetic field to sputter a 
cylindrical target surrounding the plasma current, and a 
thin film is formed on a substrate. In this thin film 
forming device, plural cylindrical permanent magnets 21 
to 23 are arranged around the backing plate 13 of a 
cylindrical target electrode 7 provided with the 
cylindrical target 15 surrounding the divergent magnetic 
field 16. Consequently, a magnetic field is generated in 
the reverse direction to the divergent magnetic field 1 6 

between the target 15 and a plasma drawing window (not shown in the figure), in the 
direction on the target 1 5 and in the vertical direction on both ends of the target. 
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(57) [Abstract] 

[Objects of the Invention] The thin film deposition system by the ECR 
spatter which can form a high quality thin film efficiently is offered. 
[Elements of the Invention] In case a thin film is formed on the 
substrate installed all over the membrane formation room by carrying out 
the spatter of the target of the target electrode arranged in the shape 
of the same axle so that the plasma style pulled out from the plasma 
cash-drawer aperture of a plasma production room may be surrounded Said 
target electrode receives the shaft-orientations field of the emission 
form field from a plasma room. The predetermined field of hard flow is 
generated between a target and a plasma drawer aperture. It has the 
configuration which has arranged the permanent magnet between a target 




and said plasma drawer apertures and on the periphery of a target so 
that the field of the same direction may be generated on the surface of 
a target and a vertical field may be generated at the both ends by the 
side of the plasma drawer aperture of a target, and the membrane 
formation room of a target. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Have a plasma production room into the field generated with 
the electromagnet, the gas for plasma and microwave are introduced into 
this plasma production room, and the plasma is generated by this plasma 
production interior of a room by electronic SAIKU roton resonance (ECR). 
The emission form field generated with said electromagnet draws out said 
plasma in a membrane formation room from the plasma cash-drawer aperture 
of said plasma production room. By carrying out the spatter of the 
target of the target electrode arranged in the shape of the same axle so 
that this pulled-out plasma style may be surrounded In the thin film 
deposition system by the ECR spatter which forms a thin film on the 
substrate installed all over said membrane formation room Said target 
electrode generates the shaft-orientations field of said emission form 
field, and the predetermined field of hard flow between said target and 
said plasma drawer aperture. On the front face of said target, the field 
of the same direction as the shaft-orientations field of an emission 
form field is generated. The shaft orientations of an emission form 
field are received at the both ends by the side of said plasma drawer 
aperture of said target, and said membrane formation room of this target. 
The thin film deposition system characterized by being the structure 
which has arranged the permanent magnet for generating a vertical field 
between said target and said plasma drawer apertures and on the 
periphery of said target. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention pulls out the plasma generated 
by the electron cyclotron resonance (ECR) by the emission form field, 
and relates to the ECR sputtering system which forms a thin film at high 
speed by performing feeding by the spatter of a solid-state target in 
the thin film deposition system which forms a thin film using this 
pulled-out plasma. 
[0002] 

[Description of the Prior Art] When forming a thin film with the 
conventional BURENA mold sputtering system, big damage is received in 
order that the thin film under formation may receive the exposure of a 
high energy particle. For this reason, a device which does not have a 
direct receptacle was made in the effect of a high energy particle, such 
as putting a substrate on the side face of a target. However, such an 
approach had the fault to which the rate of sedimentation of a thin film 
becomes extremely slow. 

[0003] In the ECR spatter which carries out a spatter to the above- 
mentioned usual spatter in the low gas pressure of 10-2 to ten to 1 Pa, 
since the energy of the ion in the plasma is 20-30eV and low energy, 
damage on the thin film by plasma exposure is very small, and there is 
the description which can form a high quality thin film. Moreover, since 
the ECR plasma is high activity as compared with the plasma generated in 
the usual spatter, it has the effectiveness which promotes thin film 
formation in reactive sputtering. From these things, thin film formation 
by the ECR spatter came to be performed briskly in recent years. 
[0004] The fundamental ECR sputtering system consists of target 
electrodes 7, the membrane formation rooms 9, etc. of the plasma 
production section (a microwave waveguide 1, the microwave installation 
aperture 2, an electromagnet 3, plasma production room 4 grade of a 
cylindrical shape), and a cylindrical shape, as shown in the sectional 
view of drawing 1 . Thin film formation is performed as follows using 
such equipment. The gas for plasma and microwave are introduced into the 
plasma production room 4, the ECR plasma is generated in the low gas 
pressure of 10-2 to ten to 1 Pa, and the emission form field generated 
with the electromagnet 3 draws this out in the membrane formation room 9 
outside the plasma production room 4 from the plasma drawer aperture 5. 
The spatter of the cylindrical shape target in the target electrode 7 
arranged so that the ECR plasma style 10 may be surrounded is carried 
out using some ion in this plasma style. The particle and ECR plasma by 
which the spatter was carried out are supplied on the substrate 11 




installed into the membrane formation room 9, and form a thin film. 
[0005] In such an ECR sputtering system, in order to gather the 
formation rate of a thin film, the equipment [application physics 58 
volume 8 No. p. 1217 (1989)] which used the target electrode 7 as the 
magnetron mold and the electric-field mirror mold was developed. With 
these equipments, each made high the plasma consistency in the front 
face of a target, the sputtering rate was gathered and the formation 
rate of a thin film was made quick. 

[0006] The electrode (JP, 2-267264, A) of the structure which prepared the 
permanent magnet in the electrode (JP, 60-114518, A) of the structure 
which prepared soft iron, and the periphery of a target was 
conventionally used for the target electrode in a magnetron mold ECR 
sputtering system. 

[0007] some cartridge target electrodes 7 which prepared soft iron — a 
sectional view is shown in drawing 2 . The line of magnetic force of an 
emission form field with which in 13 a target generates soft iron and 15 
and, as for the back up plate and 14, an electromagnet 3 generates 16 in 
this drawing, and 17 are line of magnetic force of a partial field 
generated by having formed soft iron 14. The line of magnetic force 17 
of a partial field goes into the interior of a target 15 in the location 
in which soft iron 14 is formed once, then, comes out from a front face 
at the edge by the side of the plasma drawer aperture 5 of a target 15, 
and returns to the interior of a target 15 again at the edge by the side 
of the membrane formation room 9 of a target 15. Since it becomes the 
sense of the line of magnetic force 16 of an emission form field, and 
parallel when line of magnetic force 17 is parallel to the front face of 
a target 15, sufficient magnetic field strength to cause magnetron 
discharge is obtained. For this reason, if the plasma style 10 is 
supplied to the front face of a target 15, magnetron discharge will 
happen and the formation rate of a thin film will become quick. However, 
in the both ends of a target 15, to the shaft orientations of an 
emission form field, since vertical magnetic field strength is 
inadequate, the locked-in effect of a secondary electron is bad, the 
pressure range of the gas by which magnetron discharge happens is higher 
than 1x10 to 1 Pa, and the effectiveness of using the ECR plasma 
decreases. 

[0008] Then, in order to cause magnetron discharge in low gas pressure, 
the target electrode 7 of a configuration of having formed the permanent 
magnet 18 in the periphery of the cylindrical shape target 15 as shown 
in the sectional view of drawing 3 was developed. In this electrode, the 
sense of line-of-magnetic-force 18a in the front face of a target 15 is 



the sense and hard flow of line of magnetic force of an emission form 
field, and magnetic field strength of the perpendicular direction in the 
both ends of a target 15 is strengthened. Consequently, the electron 
closed, eye ** improved and magnetron discharge was realized in the low 
gas pressure of a 10-2Pa base. 
[0009] 

[Problem (s) to be Solved by the Invention] However, the emission form 
field in a substrate side became narrow under the effect of the field 
which a permanent magnet 18 generates, and the ECR plasma supplied on a 
substrate was restricted to the core, and had the fault hardly supplied 
in the periphery. Moreover, it is bad, and the spatter only of the core 
of a target 15 is carried out strongly, and the intensity distribution 
of the field of the emission form field shaft orientations in the front 
face of a target 15 become things. For this reason, the fault that it 
was about 30% at the maximum low also had the use effectiveness of a 
target 15. 

[0010] This invention solves the fault of the above-mentioned magnetron 
mold ECR sputtering system, and aims at offering the thin film 
deposition system by the ECR spatter which can form a high quality thin 
film efficiently. 
[0011] 

[Means for Solving the Problem] In order to attain this purpose, the 
thin film deposition system of this invention Have a plasma production 
room into the field generated with the electromagnet, the gas for plasma 
and microwave are introduced into this plasma production room, and the 
plasma is generated by this plasma production interior of a room by 
electronic SAIKU roton resonance (ECR). The emission form field 
generated with said electromagnet draws out said plasma in a membrane 
formation room from the plasma cash-drawer aperture of said plasma 
production room. By carrying out the spatter of the target of the target 
electrode arranged in the shape of the same axle so that this pulled-out 
plasma style may be surrounded In the thin film deposition system by the 
ECR spatter which forms a thin film on the substrate installed all over 
said membrane formation room Said target electrode generates the shaft- 
orientations field of said emission form field, and the predetermined 
field of hard flow between said target and said plasma drawer aperture. 
On the front face" of said target, the field of the same direction as the 
shaft-orientations field of an emission form field is generated. The 
shaft orientations of an emission form field are received at the both 
ends by the side of said plasma drawer aperture of said target, and said 
membrane formation room of this target. It has the configuration 



characterized by being the structure which has arranged the permanent 
magnet for generating a vertical field between said target and said 
plasma drawer apertures and on the periphery of said target. The 
configuration and function of this invention equipment are explained 
concretely below. 

[0012] The magnetron mold ECR sputtering system of this invention 
consists of the ECR plasma generating section (1, 2, 3, 4), a cartridge 
(for example, cylindrical shape) target electrode 7, and a membrane 
formation room 9 like the fundamental ECR sputtering system shown in 
drawing 1 . The drawer of the plasma by generating of the ECR plasma and 
the emission form field in the plasma production room 4 is performed 
like the case of above fundamental equipment. A target electrode 7 
adjoins the plasma drawer aperture 5, and it is arranged in the shape of 
the same axle so that a plasma style may be surrounded. Since a 
permanent magnet is arranged like [ this target electrode 7 ] the after- 
mentioned between a target and plasma drawer apertures and at the 
periphery of a target, the shaft-orientations field of an emission form 
field and the field of hard flow are generated between a target and a 
plasma drawer aperture, the field of the same direction as the shaft- 
orientations field of an emission form field is generated on the surface 
of a target, and a vertical field is generated to the shaft orientations 
of an emission form field at the both ends by the side of the plasma 
drawer aperture of a target, and the membrane formation room of a target. 
[0013] Thus, in the generated partial field, in order that line of 
magnetic force may focus strongly at the both ends of a target, the 
magnetic field strength of a direction perpendicular to the shaft 
orientations of an emission form field becomes the strength beyond 100G. 
For this reason, an electronic locked-in effect is high, with the low 
gas pressure to 5x10 to 2 Pa, magnetron discharge happens to stability 
and a spatter can be efficiently carried out to it. Each above-mentioned 
partial field is concentrated near the target, and since the effect 
affect narrow-ization of the emission form field in a substrate side is 
small, it is effective in the ability to perform thin film formation, 
without spoiling supply to the substrate of the ECR plasma. Furthermore, 
since the homogeneity of the magnetic field strength of the shaft 
orientations of the emission form field in the above-mentioned target 
front face improves, a spatter is carried out over the whole surface of 
a target, and it is effective in the use effectiveness of a target 
improving. 

[0014] Since the above partial fields are generated, especially the 
number of the cylindrical shape permanent magnets arranged at the number 



• 

of the cylindrical shape permanent magnets arranged between a target and 
a plasma drawer aperture and the periphery of a target is not limited. 
As for the permanent magnet arranged at the periphery of a target, for 
improvement in the use effectiveness of a target, it is desirable to 
arrange more than one. 
[0015] 

[Example] Drawing 4 is the sectional view of the cylindrical shape 
magnetron mold target electrode which is the example of this invention. 
Here, it is the line of magnetic force of a partial field which 13 
generated the copper back up plate and 15 with the target, and generated 
16 when the 2nd permanent magnet of a cylindrical shape and 23 prepared 
the 3rd permanent magnet of a cylindrical shape and, as for 24, 25, and 
26, the 1st permanent magnet of a cylindrical shape and 22 prepared 
[ the line of magnetic force of an emission form field, and 19 and 20 ] 
three permanent magnets in the target shielding plate by the side of the 
plasma drawer aperture 5 and the target shielding plate by the side of a 
membrane formation room, and 21, respectively. 

[0016] Here, a target 15 is a 100mm phixllOmm phix50mm cylinder, and it 
has been arranged in the shape of the same axle so that the 
aforementioned plasma style may be surrounded. The distance between the 
edge of the target shielding plate 19 by the side of the plasma drawer 
aperture 5 and the edge of the target shielding plate 20 by the side of 
a membrane formation room, i.e., the die length of a target part by 
which a spatter is carried out, was set to 40mm. Each permanent magnets 
21, 22, and 23 made the rectangular permanent magnet rival, and were 
manufactured. The shaft orientations of an emission form field were 
adjusted so that it might go to a membrane formation room from the 
plasma drawer aperture 5. 

[0017] The 1st permanent magnet 21 has been arranged in the shape of the 
same axle to a target 15 between a target 15 and the plasma drawer 
aperture 5. The direction of the N pole-south pole of this magnet turned 
the south pole to the plasma drawer aperture 5 side while making it into 
the shaft orientations of an emission form field at parallel. N pole was 
turned to the target 15 side, while having arranged the 2nd permanent 
magnet 22 in the shape of the same axle on the periphery by the side of 
the plasma drawer aperture 5 of a target 15 and making the direction of 
the N pole-south pole perpendicular to the front face of a target 15. 
The 3rd permanent magnet 23 turned the south pole to the target 15 side 
while it has arranged to the membrane formation room 9 side and made the 
direction of the N pole-south pole more nearly perpendicular than the 
location of the 2nd permanent magnet 22 to the front face of a target 15. 





[0018] By arrangement of such three permanent magnets, as line of 
magnetic force 24 shows In the front face extended from the front face 
of a target 15 to the plasma drawer aperture 5 side As the shaft 
orientations of an emission form field and the field of the reverse 
sense occur and line of magnetic force 25 shows On the front face of a 
target 15, the field of the same direction as the shaft orientations of 
an emission form field occurred, and the field of a direction 
perpendicular to the shaft orientations of an emission form field was 
generated in the edge by the side of the plasma drawer aperture of the 
target shielding plate 19, and the edge by the side of the membrane 
formation room of the target shielding plate 20. 

[0019] The reinforcement of each above-mentioned partial field was more 
than 130G in the direction respectively perpendicular to the front face 
of the target [ in / to zero / the edge of near and each shielding 
plates 19 and 20 for targets ] 15 in the same direction as the shaft 
orientations of the emission form field on the front face of a target 15, 
and the shaft orientations of an emission form field [ in / in the same 
direction / the edge of 770G and each target shielding plates 19 and 
20 ]. Thus, it checked concentrating the field of this invention on the 
part equivalent to the both ends of the target shielding plates 19 and 
20, i. e. , the both ends of a target 15. 

[0020] While introducing Ar gas and the microwave power of 400W into a 
plasma production room and generating the ECR plasma as an example of a 
property of the above-mentioned example using an insulating cylindrical 
shape Si target as a target 15, the relation between the peak-to-peak 
electrical potential difference (Vpp) of high-frequency power when 
supplying the high-frequency power of 500W to a target electrode 7, and 
performing a spatter and Ar gas pressure is shown in drawing 5 . Vpp in 
the inside of the gas pressure of 4x10 - 2 or more Pa is fixed at about 
500 V, and this drawing shows becoming high suddenly with low gas 
pressure rather than it. From this result, it checked that magnetron 
discharge broke out with the gas pressure of 4x10 - 2 or more Pa. 
[0021] Next, Ar gas pressure is set to 0. 06Pa in the above-mentioned 
spatter conditions, and the black dot mark of drawing 6 shows Vpp at the 
time of changing high-frequency power, and the relation of high- 
frequency power. In this drawing, the case where a permanent magnet is 
not arranged to a target electrode is also indicated by the white round 
mark as an example of reference. By starting magnetron discharge from 
this drawing with the equipment of this invention shows that there are 
few rise rates of high-frequency voltage, even if high-frequency power 
is low and high-frequency power becomes large. This means that the high 



frequency current increases while the switched-on high-frequency power 
becomes large, and it shows that the great portion of high-frequency 
power is used effective in a spatter. On the other hand, when negative 
bias voltage was impressed to the location of a substrate and__the ion 
current of substrate right above was measured, the ion current at the 
time of using the target electrode of this invention only decreased 
about 10% rather than the ion current when using the target electrode 
which does not arrange the permanent magnet. It checked that the ECR 
plasma of a large area was supplied to a substrate from this. With the 
equipment of this invention, it checked that a spatter could be carried 
out efficiently from the above result, without spoiling supply of the 
ECR plasma to a substrate greatly. 

[0022] Next, Zn target is used with the equipment of the above-mentioned 
example, and it is 02. The ZnO thin film was formed on the glass" 
substrate by the reactive sputtering in the mixed gas of Ar. The 
sectional view of the erosion of a direction parallel to the shaft 
orientations of the emission form field in the target after forming a 
thin film several 10 times is shown in drawing 7 . This drawing has 
shown the result measured about four places of the four directions of a 
target. This drawing shows that the spatter of the target is carried out 
over the whole surface. The use effectiveness of a target is about 60%, 
and it checked that it was higher than the use effectiveness (about 30% 
of maxes) in the conventional magnetron mold electrode shown by drawing 
3 . 

[0023] When the shaft-orientations field of an emission form field was 
made into the direction and reverse in drawing 4 , the same partial 
field distribution as the above was acquired by making all the 
directions of the N pole-south pole of each permanent magnet into 
reverse. It is not limited to the combination shown in drawing 4 , and 
the number of the permanent magnets arranged at a target electrode and 
the direction of the N pole-south pole can generate the same partial 
field as the above with some combination. 
[0024] 

[Effect of the Invention] As explained above, with the ECR sputtering 
system of this invention, it is possible to form a high quality thin 
film at high speed, since magnetron discharge happens to stability in 
the low gas pressure of ten to 2 Pa and many of generated ECR plasma is 
supplied to a substrate, and since a spatter happens all over a target, 
it has further the effectiveness that the use effectiveness of a target 
is high. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view of a fundamental ECR sputtering 
system. 

[Drawing 2] In the cylindrical shape target electrode of the ECR 
sputtering system in drawing 1 , it is the sectional view of the 
conventional magnetron mold target electrode of a configuration of 
having prepared soft iron. 

[Drawing 3] In the cylindrical shape target electrode of the ECR 
sputtering system in drawing 1 , it is the sectional view of the 
conventional magnetron mold target electrode of a configuration of 
having prepared the permanent magnet in the periphery of a target. 
[Drawing 4] It is the sectional view of the magnetron mold target 
electrode of the cylindrical shape in the ECR sputtering system which is 
the example of this invention. 

[Drawing 5] In the ECR sputtering system of this invention, it is the 
property Fig. having shown the relation between the peak-to-peak 
electrical potential difference (Vpp) of high-frequency power at the 
time of introducing Ar gas and the microwave power of 400W, generating 
the ECR plasma using insulating Si target, and supplying the high- 
frequency power of 500W to a target, and gas pressure. 
[Drawing 6] In the ECR sputtering system of this invention, it is a 
reference drawing (white round mark) in case there is no permanent 
magnet into a target electrode on the property Fig. (black dot mark) 
showing the relation of the Vpp and high-frequency power at the time of 
setting Ar gas pressure to 0. 06Pa, introducing the microwave power of 
400W using insulating Si target, and generating the ECR plasma, and the 
same spatter conditions as this. 



[Drawing 7] Zn target is used in the ECR sputtering system of this 
invention, and it is 02. It is drawing showing the erosion of a target 
of the shaft orientations of an emission form field after performing 
reactive sputtering in the mixed gas of Ar and forming a thin film 
several 10 times. 
[Description of Notations] 

1 Microwave Waveguide 

2 Microwave Installation Aperture 

3 Electromagnet 

4 Plasma Production Room 

5 Plasma Drawer Aperture of Cylindrical Shape 

6 Gas Inlet 

7 Target Electrode of Cylindrical Shape 

8 Power Source for Spatters 

9 Membrane Formation Room 

10 Plasma Style 

11 Substrate 

12 Gas Inlet to Membrane Formation Room 

13 Back Up Plate of Cylindrical Shape 

14 Soft Iron of Cylindrical Shape 

15 Target of Cylindrical Shape 

16 Line of Magnetic Force of Emission Form Field 

17 Line of Magnetic Force of Partial Field Which Soft Iron 14 Generates 

18 Permanent Magnet 

18a The partial field which a permanent magnet 18 generates 

19 Target Shielding Plate by the side of Plasma Drawer Aperture 

20 Target Shielding Plate by the side of Membrane Formation Room 

21 1st Permanent Magnet of Cylindrical Shape 

22 2nd Permanent Magnet of Cylindrical Shape 

23 3rd Permanent Magnet of Cylindrical Shape 

24, 25, 26 Line of magnetic force of the partial field which the 1st 
permanent magnet 21, 2nd permanent magnet 22, and 3rd permanent magnet 
23 serve as a lot, and generate. 
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